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Although the value of urban ecological infrastructure (UEI) is widely recognized, insufficient research has investigated how people perceive the wide variety of UEI. To address this gap, we investigated residents’ perceptions of the coupled value of aesthetic and biological qualities as related to diverse UEI and other environmental and social factors (including personal beliefs and demographics), collectively referred to as bio-cultural services and disservices. We evaluated whether people positively view their neighborhood environments as natural-looking while providing diverse plants and wildlife habitat (services), in contrast to negatively perceived disservices that we evaluated as messy-looking with weeds and pests (disservices). We analyzed survey data from residents (n = 495) in metropolitan Phoenix, Arizona, United States, coupled with environmental variables (UEI and vegetative cover) compiled from diverse sources. We ran three regression models to compare the relative influence of social and environmental factors independently and combined on the perception of bio-cultural services and disservices. Our results demonstrate the influence of social factors, particularly place identity, neighborhood cohesion, and income, on both bio-cultural services and disservices. Additionally, environmental factors such as vegetation cover increased perceptions of bio-cultural services while decreasing perceived disservices. The effects of proximity to UEI were more varied. While proximity to cropland increased perceived bio-cultural disservices, proximity to desert parks reduced disservices. Although UEI can promote biodiversity and human well-being, all UEI are not perceived the same. Our results underscore the added value of considering both the form of UEI and perceptions among people who live nearby when designing and implementing infrastructure to promote bio-cultural services that are both ecologically and socially valued.
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INTRODUCTION

People’s everyday relationships with their local environments largely depend on the structure and design of natural areas within urban settings. Globally, urban areas expanded by 10,000 km2 per year between 1985 and 2015 (Li et al., 2018). The projected urban population of 5.2 billion by 2030 (up from 4.0 billion in 2015; United Nations, Department of Economic and Social Affairs, Population Division, 2019) underscores the importance of understanding complex relationships between people and nature in urban ecosystems (Pickett and Cadenasso, 2008; McPhearson et al., 2016). Although urban areas frequently experience ecological homogenization, especially compared to their outlying native ecosystems (Groffman et al., 2014, 2017), they also exhibit a high degree of ecological variability at local scales (Pickett et al., 2017). Research into the heterogeneity of urban landscapes, both within and between metropolitan areas, provides a deeper understanding of how local features influence the perceived benefits of varied landscapes, including those related to biological outcomes (Cadenasso et al., 2007, 2013). In this paper, we investigate how environmental features of people’s neighborhoods, including urban ecological infrastructure (UEI), coupled with social factors, affect public perceptions of their aesthetic and biological value.

Urban ecological infrastructure encompasses all infrastructure in a city that supports ecological structure and function, and by extension, provides ecosystem services to urban residents (Childers et al., 2019). UEI is a broad, all-encompassing concept for “nature in cities.” This idea includes commonly recognized forms of infrastructure, such as parks, residential yards, community gardens, lakes and rivers, and street trees. But UEI also includes less recognized forms, such as vacant lots, agricultural fields, canals, and water retention basins. Childers et al. (2019) categorized UEI into terrestrial, aquatic, and wetland ecosystem types because each type supports unique ecological structures and functions and thus provides different ecosystem services. Understanding how UEI influences people’s perceptions can lead to improved city design and an increase in resident satisfaction with, and stewardship of, their local environments (Paul et al., 2014; Artmann et al., 2019).

At the turn of the twentieth century and through the Progressive Era, city planners and developers focused on gray infrastructure that provided basic services (e.g., water delivery, waste removal, flood control, etc.) in a mostly successful effort to make urban areas “sanitary” (Melosi, 2008; Pincetl, 2010; MacKinnon and Derickson, 2013). More recent urban solutions have promoted “green” infrastructure, or UEI broadly, that are more adaptive and flexible than gray infrastructure while also providing multiple benefits to residents (Campbell, 1996; Colding and Barthel, 2013; Elmqvist et al., 2015; Li et al., 2017). Integration of UEI can simultaneously improve both human well-being as well as biodiversity in urban environments (Tzoulas et al., 2007; Ekkel and de Vries, 2017). Exposure to biodiversity and natural areas has positive impacts on human well-being (Cox et al., 2017a,b), but these impacts can vary based on people’s subjective views of local landscapes (Syrbe and Walz, 2012; Shwartz et al., 2014; Pett et al., 2016). Importantly, for urban residents, perceived biodiversity is more important in driving psychological well-being than actual biodiversity (i.e., species richness) (Dallimer et al., 2012; Pett et al., 2016).

While the benefits and conflicts surrounding nature in cities are widely acknowledged (Soulsbury and White, 2016), research has not fully linked different types of UEI to public perceptions of their aesthetic qualities. For example, green spaces that have a diversity of native plants often benefit wildlife by providing habitat in cities (Marzluff and Rodewald, 2008; Niemelä et al., 2010); meanwhile, these features can also benefit people through aesthetic appreciation and other positive outcomes for human well-being (Casalegno et al., 2013; Hernández-Morcillo et al., 2013; Fish et al., 2016). However, certain types of UEI that provide habitat can also be perceived as messy and unkempt (van Heezik and Ludwig, 2012). These UEI might elicit negative responses by urban residents because of an association with pest or nuisance species (Lyytimäki et al., 2008; Maruthaveeran and van den Bosh, 2015). From this point on, we refer to these linked biological and cultural ecosystem services and disservices as bio-cultural services and disservices. In particular, our analysis centers on natural-looking landscapes and their perceived ability to provide wildlife habitat as a bio-cultural service, as well as perceptions regarding messy-looking landscapes that attract pests as a disservice.

Research has explored how local wildlife contribute to bio-cultural services, specifically in terms of perceptions of birds (Lerman and Warren, 2011; Belaire et al., 2015). More broadly, research has revealed an array of perceptions in relation to diverse environmental features (e.g., trees and parks) across different urban contexts (Flannigan, 2005; Fernandes et al., 2019). However, the literature largely fails to examine public perceptions of bio-cultural services and disservices flowing specifically from proximity to diverse UEI, along with other environmental and social factors. Moreover, research often focuses on social or environmental explanations for ecosystem services, often through biophysical evaluations or economic valuation of ecosystem services (Casalegno et al., 2013; Buizer et al., 2016; Li et al., 2017). Further, existing research on perceptions of UEI tends to focus on temperate climates in which the distribution of vegetation and UEI may be more uniform than in arid climates. Herein, we couple social and environmental datasets in a desert metropolis to examine how an array of potential social and environmental factors influence people’s subjective views of a specific type of bio-cultural service, focusing on perceptions of vegetation and wildlife.

In this research, we asked: what social and environmental features, including proximity to varied UEI, influence perceived bio-cultural services and disservices. Overall, since personal values and experiences strongly influence public perceptions (Bruvold, 1973; Rokeach, 1973; Bell et al., 1996), we hypothesize that social factors (including personal beliefs and demographics) will better explain perceived services and disservices than local UEI and other environmental conditions. Regarding environmental features, we specifically test whether distinct UEI differentially influences perceived bio-cultural services and disservices. By understanding patterns in perceived bio-cultural services and disservices, planners and practitioners can more effectively promote biodiversity and the design of UEI that are appreciated by the public (Buizer et al., 2016; Larson et al., 2019). Designing UEI according to societal preferences is critical since people’s values and attitudes are often steadfast and difficult to change (e.g., through education and outreach efforts; Heberlein, 2012). Ultimately, how the public perceives and values UEI will affect support for their implementation, management, and continued investments.



MATERIALS AND METHODS


Study Site

The Phoenix Metropolitan Area (Figure 1) was originally settled by the Hohokam people who created a series of irrigation canals that branched from the Salt River and allowed farming to occur in the arid landscape (Trimble and Trimble, 2003). Hundreds of years after the Hohokam left the region, Anglo-Americans settled there in the 1800s. As Phoenix developed, some of the original Hohokam canals paved the path for modern canals that deliver water throughout Phoenix. Due to restoration efforts, some areas of the canals and Salt River Channel are bordered by native vegetation, but most canals are hardscaped with concrete. Given the upstream storage of the Salt and Verde River water in dams built in the early twentieth century, most of the river channels that run through the metropolitan region are ephemeral.
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FIGURE 1. The Phoenix study area (indicated in red on the map of North America). PASS neighborhoods outlined in red. Aquatic, terrestrial, and wetland UEI are shown throughout the study area. Base maps are from Google Earth 2017.


Agricultural settlements developed along the canals to facilitate widespread irrigation use. Although much of the farmland has been developed into residential and other urban land uses, agrarian land remains throughout the region (Figure 1; Keys et al., 2007; Kane and York, 2017). Currently, farmland includes dominant crops of hay, cotton, and wheat (York et al., 2020). The region is also home to a large dairy industry.

Despite the arid environment, which receives 13 cm of rain annually, the regional landscape is traditionally characterized as an oasis, distinct from the surrounding desert (Larson et al., 2009). These lush landscapes include irrigated agriculture as well as ample irrigated grass and more than 1,400 artificial bodies of water (Larson and Grimm, 2012). Although residential lawns are ubiquitous, drought-tolerant xeric landscapes with gravel groundcover and low water-use plants have become increasingly common in recent decades (Martin, 2015). Meanwhile, large undeveloped swaths of the Sonoran Desert—including several desert parks and preserves—exist within and at the edges of the metro area.



Phoenix Area Social Survey (PASS)

To measure people’s perceptions of bio-cultural services and disservices and select explanatory factors in our analysis, we used data collected from the 2017 Phoenix Area Social Survey (PASS1; Larson et al., 2019). The PASS is a longitudinal survey effort conducted as a part of the Central Arizona-Phoenix Long-Term Ecological Research Program. The 2017 survey targeted 12 neighborhoods, delineated by Census Block Groups, strategically located to capture a range of demographic characteristics (e.g., low to high income levels) and central, suburban, and exurban locations in proximity to diverse UEI (Figures 1, 2). The survey was sent to 1,400 addresses between May and September of 2017; 188 addresses represented households that responded to a previous PASS (2011), and the other 1,212 surveys were randomly drawn from addresses provided by the Marketing Systems Group, which come from the U.S. Postal Service’s Delivery Sequence Files.
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FIGURE 2. Close ups of the various PASS neighborhoods from the study area. PASS neighborhoods outlined in red. Aquatic, terrestrial, and wetland UEI are shown throughout the study area. Base maps are from Google Earth 2017.


The University of Wisconsin survey lab administered the questionnaires to households via four-wave mailing, including three full questionnaires and a reminder postcard sent in-between mailings (Larson et al., 2019). Individuals could request a Spanish version with a postage-paid postcard. Regardless of response, the survey lab sent a $5 incentive as well as post-response incentives (ranging from $5 to $40; see Smith et al., 2020 for details) to increase participation. A total of 39.4% of contacted households responded for a total of 496 completed surveys. We dropped one respondent who removed their identifier, since we could not map their location and link their responses to the environmental data including local UEI features. See Larson et al. (2020) for all survey questions.



Bio-Cultural Services and Disservices Variables

We measured the ecosystem service and disservice variables using a Likert scale with responses ranging from strongly disagree (1) to strongly agree (5). In particular, we asked the following question: “To what extent do you disagree or agree that the following statement describes the environment in your neighborhood” (Larson et al., 2019). We specifically asked respondents to consider their local “environment” as, “the grass, plants, and/or trees in the area, along with the streets, sidewalks, patios, porches, and built structures as well as parks and open spaces.” We purposefully included both ecological and built infrastructure since both influence ecosystem services and disservices in urban areas (Shackleton et al., 2016).

The statements analyzed herein include: “looks natural,” “offers a variety of plants,” and “provides habitat for birds,” in addition to “looks messy,” “attracts unwanted animals or pests,” and “has too many weeds.” We created two composite survey scales for our dependent variables, with the first three variables averaged for each respondent to capture bio-cultural services and the latter three averaged to capture bio-cultural disservices. Larson et al. (2019) informed the development of the survey scales, along with the scholarly literature and expert input among our interdisciplinary research team. We deemed the two scales reliable through a standard test of internal consistency; each scale had Cronbach alpha values greater than the 0.7 criterion (Table 1, see also Supplementary Figure 1).


TABLE 1. Dependent variables in composite scales (i.e., bio-cultural services and disservices) with their means and standard deviations.
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Environmental Variables


Urban Ecological Infrastructure

We measured UEI to link larger scale and landscape features to perceptions of bio-cultural services. Following Childers et al. (2019), we first classified UEI as aquatic (containing perennial water), terrestrial (no water), or wetlands (both terrestrial and aquatic due to ephemeral water features). The three broad categories are ecologically distinct and thus provide disparate ecosystem services broadly. However, while these broad classifications can be useful for distinguishing between ecosystem services (specifically provisioning or regulating services), they may not adequately measure bio-cultural services. To better understand perceptions of bio-cultural services, we investigated 11 different forms of UEI (Table 2), identified through a combination of expert opinion and pre-existing data sources (Maricopa Association of Governments, 2014; Zhang and Li, 2017; Smith et al., 2017). Local governments, including the cities of Phoenix and Tempe, have restored or redesigned segments of the river channel. We therefore classified these UEI features separately (i.e., Tempe Town Lake, Rio Salado Audubon, and Tres Rios Wetlands) relative to the remaining river channel, which is ephemeral due to upstream dams and the distribution of water throughout the region (Table 2). We also included agricultural land and vacant land (Smith et al., 2017; Childers et al., 2019). See Supplementary Figure 2 for example images of the varying UEI.


TABLE 2. Classifications and descriptions of UEI used in this study as well as associated data sources.

[image: Table 2]We used QGIS version 3.12.2 to calculate the amount of UEI (in hectares) within a 1 km radius of a respondent’s home for all UEI except the Salt River and canals. Since the Salt River and canals are predominantly linear features, we measured the distance (in meters) from respondents’ homes to these features instead of the area within 1 km of the respondent these features occupied. We defined residents’ local environments as those within a 1 km radius since this distance captures how most respondents (84%) defined their neighborhood. Moreover, planners commonly consider this distance as walkable and, thus, individuals are likely to interact with UEI within this radius (Macedo and Haddad, 2016). Descriptive statistics for all UEI are provided in Table 2.

Although we classified UEI broadly as aquatic, terrestrial, or wetland, we did not that expect all UEI within a classification would be perceived similarly due to differences in accessibility (e.g., open vs. closed to the public), appearance (e.g., relatively managed vegetation in community parks vs. natural desert preserves), and function (e.g., croplands producing commercial agricultural products vs. public parks used for recreation). For instance, UEI that was not publicly accessible, such as croplands and the Tres Rios Wetlands, are less likely to impact perceptions since people cannot visit and interact with these UEIs as readily as public spaces such as parks (de Groot et al., 2010). Additionally, UEI that lacks active management of vegetation or other features (e.g., wetlands, vacant lots) may be perceived as messy and thereby be perceived negatively (Rega-Brodsky et al., 2018; Stoffel, 2020). Finally, we predicted that natural areas established to protect and promote biodiversity, such as desert preserves, will enhance perceptions of bio-cultural services.



Vegetation Cover

Vegetation density and the extent to which the study neighborhoods had xeric landscaping provided further information about the vegetative structure of a respondent’s neighborhood not captured by the UEI. We used two metrics, Normalized Difference Vegetation Index (NDVI and neighborhood yard composition (proportion of xeric yards in a neighborhood), to assess local vegetative cover. The NDVI data was measured at a 1 meter resolution from the National Agriculture Imagery Program 1–4 June 2017. To reflect local neighborhood environments, we used the average NDVI value within a 1 km radius of each respondent. We also included a proxy for neighborhood yard composition (percent xeric) based on survey responses since we did not have information on all yards within a neighborhood. Specifically, respondents were asked what percent of their front yard was composed of grass. We classified yards that were less than 50% grass as xeric yards and then measured the percent of xeric yards (0.00–1.00) in a neighborhood as the number of xeric yards reported divided by the total number of respondent’s yards in the neighborhood.



Social Variables

We analyzed social variables from the PASS survey to represent personal values and beliefs, in addition to demographic attributes. We also included the age of housing (from county tax assessor data), since we expected historical patterns of development might influence perceptions of local landscapes (Tengberg et al., 2012; Locke et al., 2020).


Personal Values and Beliefs

To capture environmental values, we used the standard 15-question New Ecological Paradigm (NEP) scale (Dunlap et al., 2000). The NEP reflects broad-based beliefs about the relationship between people and the natural environment or, in other words, the extent to which people hold biocentric (or pro-ecological) versus anthropocentric (i.e., human-centered) views. We averaged responses from the NEP scale to create a single variable ranging from 1 to 5 (Table 3). Values closer to 1 represent anthropocentric orientations, whereas values closer to 5 captured biocentric views.


TABLE 3. Descriptive statistics for environmental and social explanatory variables.

[image: Table 3]As one dimension of place attachment, we measured neighborhood identity using the average of five different variables (following a standard scale developed by Williams and Vaske, 2003). The verbatim survey question included statements such as, “I feel my neighborhood is a part of me.” and “I identify strongly with my neighborhood.” (see Larson et al., 2020 for the complete list of questions). This index ranged from 1 to 5 with 1 indicating an individual who feels a weak connection to their neighborhood and 5 representing an individual with a strong connection to their neighborhood (Table 3). Individuals who strongly identify with their neighborhood are likely to perceive their local environments more positively than others (for example, as shown by Brown and Raymond, 2007).

Lastly, we used a measure of social cohesion to reflect one aspect of social capital. The concept of social capital conveys the value of interpersonal relationships and networks in taking collective actions, among other human assets (Putnam and Putnam, 2000; Locke et al., 2020). Following Larsen et al. (2004), we assessed social cohesion using the average response to four statements, such as, “I live in a close-knit neighborhood.” and “I can trust my neighbors” (see Supplementary Material for the complete list of statements). The scale ranges from 1 to 5, with 1 indicating individuals who felt a weak connection to their neighbors and 5 indicating that individuals felt a strong connection with their neighbors (Table 3).



Demographics and Housing

In the survey, each respondent provided their date of birth, from which we calculated their age. Age is associated with the amount of free time an individual has (Goerres, 2007) and is associated with how frequently individuals visit parks and local neighborhood features (Godbey and Blazey, 1983). Older individuals often prefer bio-cultural features such as natural areas in community parks as opposed to recreational areas (Alves et al., 2008).

For tenure of residence in the Phoenix area and at the surveyed home, we asked respondents: “How many years have you lived in the Phoenix metropolitan area?” and “How many years have you lived at your current address?” The amount of time an individual has lived in one location can positively influence their perception of that area and their willingness to care for it (York et al., 2017; Sorensen et al., 2018). People who have lived in an area longer may feel stronger attachment to that area and are therefore more likely to perceive it positively (Vaske and Kobrin, 2001; Altman and Low, 2012).

We coded gender on a binary scale with 0 as male and 1 as female. Gender can influence perceptions of risk (Flynn et al., 1994; Slovic, 2000), which may in turn, for example, influence women’s perceptions of messy, pest-ridden UEI as being dangerous (Sreetheran and van den Bosch, 2014). An individual’s engagement with environmental issues and their perceived importance of natural spaces has shown to vary by gender, with women perceiving natural systems as more important than men (Mohai, 1997; Momsen, 2007).

To capture socioeconomic status, we included income and education. Respondents reported their household income on an 11-point scale in $20,0000 increments, from $20,000 to over $200,000. People with higher income levels likely have more control over their local landscape, which might influence their perception of bio-cultural services and disservice that relate to the biodiversity in the neighborhood (Lerman and Warren, 2011; Locke et al., 2020). We measured education on a 7-point scale, from completion of grades 1 to 8 to attainment of a graduate or professional degree. Education was included because of its association with income (Morgan and David, 1963; Gregorio and Lee, 2002) and its positive association with environmental attitudes (Lundmark, 2007).

For ethnicity, we asked respondents whether they identified as LatinX (including Mexican, Mexican-American, Chicano, Hispanic, or LatinX). We coded the LatinX variable on a binary scale with 1 as not LatinX and 2 as LatinX. We limited the response to this binary variable as the ethnic composition of the study area and respondents is primarily white/Caucasian and LatinX (white/Caucasian and LatinX respondents accounted for 91.4% of respondents in this study). Previous work has shown that LatinX ethnicity is associated with environmental views. For example, LatinX are less likely to perceive the “natural” desert environment positively (Andrade et al., 2019). LatinX individuals may more likely perceive wildlife as a potential risk (Ramer et al., 2019; Larson et al., 2020), and thus, may perceive disservices more strongly than services.

Finally, we obtained housing age by linking respondent addresses to the Maricopa County Assessor’s Office (Parcel Secured Master 2017), which includes the year the home was built. In the Phoenix metropolitan area, newer construction at the fringe of the city is associated with increased exposure to potentially dangerous or negatively perceived animals like snakes (Pitts et al., 2017).



Analyzing the Influence of Environmental and Social Variables

We used generalized linear models since these models do not assume that independent variables are pulled from a normal distribution. We first ran four models to compare how environmental (Tables 5, 6) versus social factors (Table 7) explained the bio-cultural service and disservice variables separately. Additionally, to test whether broad UEI classifications (terrestrial, aquatic, and wetland) influence perceived bio-cultural services and disservices, we ran another model in which we centered and scaled all UEI variables and then combined all values within a single broad category (e.g., scaled scores for canals, Tempe Town Lake, and water were combined as “aquatic UEI”) and also included average NDVI and xeric yard variables (Tables 6). In the more specified environmental model, we used the distinct UEI variables (Tables 2, 5) as well as the other environmental variables. The social models incorporated the varied personal beliefs and demographic variables as explanatory factors. The final models combined all environmental (at the specific UEI level) and social variables. To ensure variables were not co-linear, we also ran a variable inflation factor to ensure we did not have co-linearity with our predictor variables. No independent variables had a score over 5 indicating non-significant co-linearity of predictor variables within our model (James et al., 2014). Additionally, since the independent variables were measured on different scales, we standardized all variables by subtracting the mean value of each variable and dividing by its standard deviation before running our analysis. All analyses were conducted in R version 3.6.1 (R Core Team, 2019).



RESULTS: FACTORS INFLUENCING PERCEIVED BIO-CULTURAL SERVICES AND DISSERVICES


UEI Distribution

On average, the survey respondents lived within 1 km of eight of the eleven types of UEI (Table 4). Cropland was the most abundant in terms of land cover within 1 km of our survey respondents, likely because the four largest neighborhoods from our study had high amounts of cropland within them. Access to restored or redeveloped portions of the Salt River channel was low among survey respondents overall, given their relatively small area coverage in specific locations of the region.


TABLE 4. Average, minimum, and maximum amount (in ha) of each UEI that was measured within a 1 km radius relative to all respondents.

[image: Table 4]
TABLE 5. Environmental models predicting perceptions of bio-cultural services and disservices. Model fits (R2) for dependent variables are presented.

[image: Table 5]
TABLE 6. Environmental models at the broadly classified UEI level predicting perceptions of bio-cultural services and disservices.

[image: Table 6]
TABLE 7. Social model results for predicting perceptions of bio-cultural services and disservices.
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Environmental Models

Out of the two sets of environmental models, the UEI specific models (Table 5) outperformed the broadly classified UEI models (Table 6). For bio-cultural services and disservices separately, the broadly defined UEI models had an R2 of 0.07 and 0.08 (Table 6), whereas the UEI specific models had a fit of 0.20 and 0.25 (Table 5).

The environmental models that captured distinct UEI identified five of the thirteen environmental variables and explained 20% of the variation in perceived bio-cultural services (Table 5). Increasing neighborhood NDVI and proximity to desert preserves significantly increased perceptions of bio-cultural services while increasing the amount of cropland and vacant land decreased perceived bio-cultural services (Table 5).

By comparison, eight of the thirteen environmental variables captured 25% of the variation in perceived disservices (Table 5). The same variables that enhanced perceptions of bio-cultural services decreased perceptions of bio-cultural disservices. Similarly, the variables that diminished perceptions of bio-cultural services increased perceived bio-cultural disservices. Additionally, increasing proximity to the Rio Salado Audubon Area increased perceptions of bio-cultural disservices. Two additional variables, community parks with water and open water, lowered perceptions of bio-cultural disservices but did not increase perceived bio-cultural services.

In the broadly defined UEI model, terrestrial UEI decreased perceived bio-cultural services while increasing bio-cultural disservices. In this model, wetland UEI also increased perceived bio-cultural disservices but had no influence on bio-cultural services (Table 6). Meanwhile, aquatic UEI were not significantly associated with either perceived bio-cultural services or disservices. Additionally, the results from this model show that higher NDVI and more xeric yards also increased perceived bio-cultural services while reducing perceived bio-cultural disservices (Table 6).



Social Models

As hypothesized, the social models explained more variation in perceived bio-cultural services (R2 = 0.35) as well as disservices (R2 = 0.28) than the environmental models. Of the eleven social variables, four and seven variables were significant in the ecosystem services and disservices models, respectively (Table 7). Identification with one’s neighborhood, as one dimension of local place attachment, was the most influential factor explaining perceived bio-cultural services, followed by income and perceived social cohesion. Education levels, another measure of socioeconomic status, also significantly explained the perceived services.

The same variables significantly explained perceived bio-cultural disservices but in the opposite direction, apart from education which was not significant (Table 7). Additional significant variables included age of housing, which had the largest influence on perceived disservices, with older homes associated with lower perceived bio-cultural disservices. People who have lived in the region longer also tended to perceive more bio-cultural disservices compared to others, while older people perceived fewer disservices. Lastly, pro-ecological worldviews were associated with perceptions of bio-cultural disservices.



Combined Models

The combined models, which included both the social and environmental variables (Table 8), explained the most variation in perceived bio-cultural services (R2 =0.39) and disservices (R2 =0.35). Social variables still proved to be strong predictors of perceptions; specifically, neighborhood identity, social cohesion, and income followed the same patterns as in the social model. Environmental variables less strongly explained perceived bio-cultural services, though average NDVI within a neighborhood was positively associated with perceived bio-cultural services while cropland and Tempe Town Lake were negatively associated with bio-cultural services. All other environmental and social variables were statistically insignificant in the combined model for perceived bio-cultural services.


TABLE 8. The combined model combines environmental and social variables for bio-cultural services and disservices.

[image: Table 8]In the combined models for perceived bio-cultural disservices, the same variables were significant for perceived bio-cultural services except proximity to Tempe Town Lake (Table 8). Several additional variables uniquely explain perceptions about bio-cultural disservices, including proximity to desert parks (negative relationship), distance to the Salt River and water (both negatively related). Among the social variables, the age of housing was significant with older homes being associated with more perceived disservices.



DISCUSSION

Our research illustrates that people’s perceptions of bio-cultural services and disservices are related to both local landscape features (including varied UEI) and social factors including personal beliefs and demographics. While these factors can be investigated independently, our results showed that coupling environmental and social factors best explain variations in perceptions of ecosystem services and disservices. Our study also demonstrates the importance of considering social factors, such as neighborhood identity and social cohesion, as drivers of perceived ecosystem services. This consideration is important since the ultimate value placed on bio-cultural services by people depends largely on public perceptions of them, which are often highly subjective and contingent upon personal beliefs and experiences (Heberlein, 2012; Larson et al., 2019). However, since our sample does not represent the entire population of the study area, and instead captures predominantly older individuals with high levels of income and education, we suggest caution in generalizing the results to Phoenix as a whole. However, this work may provide more direct insight into the perception of UEI in arid land systems than other studies conducted in more temperate climates.

While ecologists, planners, and other professionals tout the value of UEI (e.g., Li et al., 2017), our research shows that UEI is not always linked to positive perceptions of local environments among nearby residents. Our results also show that many forms of UEI are negatively perceived (e.g., croplands and wetlands) and thus we recommend careful consideration of how to integrate these features in landscape design and planning. While our dependent variables, bio-cultural services and disservices, only captured a narrow set of perceptions regarding bio-cultural services, as related to their aesthetic quality coupled with vegetation and wildlife features, our results indicate that people’s views vary in relation to local environmental and social factors.

Our analysis of perceived bio-cultural services underscores that, although social factors were more important predictors of people’s perceptions, UEI still plays a role in explaining perceived bio-cultural services and disservices. Our findings suggest that landscape elements such as vegetation density and preserved natural areas can increase people’s aesthetic appreciation of, and support for, UEI while also reducing perceived ecosystem disservices. Similarly, features such as open water can influence aesthetic appreciation (Cottet et al., 2013). However, much of the restored or redeveloped areas of the Salt River channel do not significantly influence perceived bio-cultural services and disservices. Our findings echoed those of Sokolow (2003) and Hamilton et al. (2014) finding negative perceptions of cropland. Therefore, in urbanizing areas with adjacent residential and agricultural land, planners and decision makers may wish to look for ways to mitigate negative perceptions of cropland adjacent to residential areas. Overall, our findings stress the importance of considering the specific characteristics of different UEI as well as the landscape context around UEI when assessing public perceptions of these infrastructure and their associated ecosystem services and disservices.

As one of the most dominant UEI in our study area, cropland was among the most significant predictors of perceived bio-cultural disservices. While agricultural areas can have strong cultural value to those in rural and agrarian communities (Lincoln and Ardoin, 2016), these areas may be perceived negatively by those that live in urban, suburban, and exurban areas (Thomson and Kelvin, 1996; Hamilton et al., 2014). This finding is notable given modern interests in urban and near-urban agriculture for varied purposes such as food security, the reduction of food waste and the carbon footprint associated with food transportation, and open space preservation (Coley et al., 2009; McClintock, 2010; Mok et al., 2014). The form of agriculture present in Phoenix may be particularly unappealing to urban residents, due to its uniform, large, flat monocrop fields with little topographic or vegetative variation, and long periods with bare soil (York et al., 2020). Inclusion of habitat refugia in agricultural lands, which can positively influence perceptions of ecosystem services (Diekötter et al., 2008), might be one angle for enhancing biological conservation and societal appreciation of agricultural lands in metropolitan regions. Efforts to make agricultural areas more suitable for wildlife may also reduce the negative impacts croplands have on perceived biocultural services. Ultimately, the ability to enhance the co-benefits from agriculture will depend on support for farmers (Eakin et al., 2016) and regional development policies.

Our research further illustrates the role of spatially distributed nature preserves and community parks in promoting perceptions of aesthetically pleasing local environments that are also biologically valuable. The lack of significant effects of community parks and other accessible UEI on perceptions might be due to substantial variability across parks in terms of specific park features that influence their perceived bio-cultural value. Given the perceived bio-cultural value of preserved deserts in our Phoenix-based study, combined with overwhelming preferences for neat, orderly landscapes (Nassauer, 1995; Larson and Brumand, 2014), incorporating these design elements into parks and other accessible UEI sites may increase their perceived bio-cultural value among diverse residents. Nonetheless, we recommend additional research to clarify how specific environmental features (e.g., varied vegetation structure and land use contexts) among different UEI influence perceptions in diverse contexts. Since the results from our neighborhood-based survey may be highly context specific, especially in relation to features in local parks such as Tempe Town Lake and Indian Bend Wash (Figure 1), additional research is needed to validate results across different contexts.

Although water influences individual’s perceptions of beauty (Burmil et al., 1999; Völker and Kistemann, 2011), the type of water matters. Respondents positively perceived water when present in community parks, likely due to the aesthetic value placed on open water (e.g., ponds and lakes) (Burmil et al., 1999; Asakawa et al., 2004). But in our study, two large features that contain water were negatively perceived: Tempe Town Lake and the Salt River channel. In the case of Tempe Town Lake, nearby residents may correctly perceive the lack of bio-cultural values offered by this site since the lake’s edge is largely surrounded by concrete paths devoid of significant vegetation, which detracts from its “natural” aesthetic and value to wildlife. In terms of the Salt River Channel, a couple of potential factors may contribute to negative bio-cultural perceptions. The channel and its banks are largely unmanaged and, thus, may appear disorderly or unkempt (Nassauer, 1995). Unhoused people occupy these spaces (Palta et al., 2016; DeMyers et al., 2017), and as a result, the channel and banks may be viewed as messy (i.e., due to associated trash found at these sites) or otherwise unsafe or undesirable. Additionally, evaluations of wetlands are often influenced by factors such as the lack of visible open water, dense vegetation, and pests such as mosquitos (Cottet et al., 2013; Landau and van Leeuwen, 2012).

Another explanation for negative views of aquatic and wetland UEI in the study region is that broader landscape context matters, and in the case of the Salt River, much of the channel is flanked by agricultural or industrial lands. Since industrial areas often produce pollution, noise, and other disservices, they are negatively perceived by people who live near them (Burningham and Thrush, 2004; Flanquart et al., 2013). Therefore, we may be capturing the negative response of individuals to the industrial areas surrounding the Rio Salado Audubon site, as opposed to the restored river channel itself. This may reflect the legacy of historic urban development and the management of rivers as functional conduits (e.g., to deliver water and remove waste).

As investments in UEI grow with the shift from gray to green infrastructure designs (Elmqvist et al., 2015; Li et al., 2017), researchers and practitioners might evaluate how the broader land use context of UEI influences how specific sites are perceived, used, and valued by people. In doing so, it will likely take time to overcome the legacy effects of historic gray infrastructure designs, such that public sentiment shifts from relatively negative views of river channels and associated UEI toward appreciation. Such a shift seems underway in metropolitan Phoenix, as some local governments have started to invest in features (e.g., signage, lights, paved pathways) alongside long-established canals to enhance their recreational amenities (Tenny, 2020). However, these investments are often inequitably distributed (Kuras et al., 2020), thereby potentially contributing to the socioeconomic disparities in perceived services in our analyses (Table 7). Further, the addition of recreational amenities or features such as lights and sidewalks, which increase the usability and value of spaces for people, may negatively impact wildlife and thus reduce bio-cultural services (Bennett et al., 2009).

As public investments in UEI increase, whether for social (e.g., recreational) or ecological (e.g., biological conservation) purposes, the perceived aesthetics are imperative to establish and maintain public support and appreciation. This objective entails designing with “cues of care” that demonstrate intentional maintenance and design features that people value (e.g., curvilinear features, some mown or trimmed vegetation; Nassauer, 1995). Meanwhile, to enhance biological conservation, designing sites with native vegetation, a variety of plants, and significant vegetation structure can help to preserve native biodiversity and provide wildlife habitat (Lerman and Warren, 2011; Standish et al., 2013). We realize, however, that these actions may not be possible in some cases. For instance, the rules established by the Federal Aviation Authority prevent establishment of significant vegetation along Tempe Town Lake, since this UEI is in the flight zone and attracting birds to the area may obstruct or cause concerns for air travel. Additional policies and other factors may constrain UEI features and designs, depending on the primary goals of the infrastructure along with applicable regulations, property ownership, and resources available for investing in UEI.

While the prevalence of UEI in a respondent’s neighborhood predicted perceptions of bio-cultural services, as we hypothesized, social factors, especially neighborhood identity and social cohesion, better predicted perceived ecosystem services and disservices than UEI. This result supports previous findings showing that people who feel a stronger sense of community are more likely to positively perceive their surrounding environment, including the beauty of their neighbors’ homes and yards (Dempsey, 2008; Murphy-Dunning, 2009). This finding is also true for people who feel a strong connection to their neighborhood, as they are more likely to take actions which promote bio-cultural services and reduce bio-cultural disservices (Goltsman et al., 2009; Locke et al., 2020). Interventions that promote social cohesion and increase neighborhood connection, such as scheduling social meetings, gardening, or clean-up events, may be one way to increase the perceived value of local landscapes (King et al., 2010; Yamamoto, 2011). As such, facilitating social cohesion events, including participation in decisions to change and maintain UEI in neighborhoods, may enhance perceptions of local bio-cultural services (Yamamoto, 2011).



CONCLUSION

Characterizing diverse UEI provides a framework for evaluating their ecological and social benefits and impacts, both real and perceived. The evaluation of perceived ecosystem services and disservices is particularly important for understanding societal appreciation and support for specific UEI and associated characteristics. Although many types of UEI investigated herein did not significantly influence perceived bio-cultural services and disservices, future studies can refine the attributes of UEI beyond broad classifications (such as terrestrial or aquatic). Together, such research can inform specific design features that are valued by people. In developing or redesigning UEI into the future, we recommend that planners, landscape architects, and other site designers and managers work with researchers and community members to create UEI in ways that are socially valued both aesthetically and for biological conservation purposes.
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Description

Canals have a hard, artificial banks that contain flowing water. The
area adjacent to canals sometimes includes walking and biking
paths as well as other amenities.

An artificial lake created by damming a portion of the Salt River
Channel and pumping water to keep it filled year-round. The lake is
flanked by pathways and recreational infrastructure including a
grassy park, playground, amphitheater, and boat dock. It is located
to the north of downtown Tempe and is managed by the City. The
boundaries (Figure 1) were delineated around the permanently
filled water body. This feature is differentiated from other bodies of
water due to its unique management scheme as well as the amount
of development and amenities associated with this artificial lake.

Lakes and other small bodies of water that are perennial.

These are green spaces that are designed primarily for human use.
They typically contain mesic landscaping and amenities such as
benches, paths, playgrounds, and open recreation areas. These
areas are also open to the public and designed for public use and
are sometimes the location of local and community events. These
areas are maintained by municipalities and are much smaller than
the desert preserves. Community parks in this study have an
average size of 0.832 ha and a maximum size of 795.191 ha.

These have the same features as community parks but also contain
one or more permanent water features. We distinguish these parks
from community parks because the presence of water may be
attractive to both people and wildlife.

Cropland is defined as a combination of both active cropland
(classified as vegetated croplands) and inactive cropland (classified
as bare soil croplands).

These are large, municipally maintained natural areas. They consist
of large contiguous desert and natural vegetation with hiking and
biking trails. Human access to these preserves is restricted to
designated areas, with the remaining land dedicated to preserving
wildlife. Within this study, desert preserves have an average size of
1,852.943 ha with a maximum size of 11,114.006 ha.

Classified as ‘vacant by Maricopa county (maricopa.gov) and
include parcels of land that may be developed but currently
unoccupied and typically underutilized (Smith et al., 2017). These
unmaintained areas have minimal vegetation and consist primarily
of bare soil or gravel.

The Nina Mason Pulliam Rio Salado Audubon center is managed by
the National Audubon Society with a mission of protecting birds
and their associated habitat. It serves as the headquarters of the
Audubon Society in Arizona and contains a large visitor center. The
Area consists of ~2,400 ha of restored riparian habitat within and
directly adjacent to the Salt River channel. It is home to over 200
species of birds. In addition to wildlife habitat, the Rio Salado
Audubon Area also has variety of hiking trails and the center hosts
events for the public.

The Salt River is approximately 320 km long and is the largest
tributary of the Gila River. The Tres Rios Wetlands, Rio Salado
Audubon Area, and Tempe Town Lake all are within the Salt River
channel, which also includes some permanent and semi-permanent
bodies of water. This area contains several “accidental” wetlands
(per Suchy et al., 2019) as well as natural vegetation and human
built structures for water management. This urban stretch of the
Salt River has not seen perennial flow since 1938, but during large
storms flow in the channel may exceed 4,000 m3/s (United States
Geological Survery, 2010).

Tres Rios includes both a large constructed treatment wetland and
a riparian restoration project. The former treats effluent from the
91st Avenue wastewater treatment plant, the goal of the latter is to
serve as a public amenity; both are habitat for over 150 species of
birds and other animals.

Data sources

2008 data from the ASU Geospatial
Repository and Google Earth Imagery from
2017

Landsat TM5 imagery from Zhang and Li
(2017) at a 30 m resolution and 2014 park
delineation data from the City of Phoenix
and the ASU Geospatial Repository.

Landsat TM5 imagery from Zhang and Li
(2017) ata 30 m.

Landsat TM5 imagery from Zhang and Li
(2017) at a 30 m resolution, and 2014 park
delineation data from the City of Phoenix
and the ASU Geospatial Repository.

Landsat TM5 imagery from Zhang and Li
(2017) at a 30 m resolution, and 2014 park
delineation data from the City of Phoenix
and the ASU Geospatial Repository.
Landsat TM5 imagery from Zhang and Li
(2017) at a 30 m resolution.

Landsat TM5 imagery from Zhang and Li
(2017) at a 30 m resolution, and 2014 park
delineation data from the City of Phoenix
and the ASU Geospatial Repository.

Smith et al., 2017

Delineated using expert opinion and
information from riosalado.audubon.org

Delineated using expert opinion, Landsat
TM5 imagery from Zhang and Li (2017) at a
30 m resolution, and Google Earth Engine
2017.

Delineated using expert opinion, Landsat
TM5 imagery from Zhang and Li (2017) at a
30 m resolution, and Google Earth Engine
2017.
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Variable (alpha)

Bio-cultural services (0.71)

Looks natural
Offers a variety of plants
Provides habitat for birds

Bio-cultural disservices (0.71)
Looks messy
Attracts unwanted animals or pests
Has too many weeds

Mean (SD)

3.72 (0.89)
3.68(1.13)
3.68 (1.07)
3.82(1.07)
2.41 (1.04)
2.23 (1.24)
2.62 (1.25)
2.39(1.28)

Number of responses

495
494
490
489
493
493
493
490

Cronbach’s alpha is reported for both composite scales, and the mean, SD, and number of valid responses for the individual variables are also reported.
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Variables Average Minimum Maximum

Canals (A) 8.94 km 0.12 km 24.96 km
Tempe town lake (A) 0.31 ha 0.00 ha 13.51 ha
Water (A) 2.20 ha 0.00 ha 60.63 ha
Community parks (T) 1.57 ha 0.00 ha 16.34 ha
Community parks with water (T) 1.88 ha 0.00 ha 37.07 ha
Cropland (T) 23.56 ha 0.00 ha 197.29 ha
Desert preserves (T) 6.28 ha 0.00 ha 148.28ha
Vacant land (T) 5.65 ha 0.00 ha 61.26 ha
Rio Salado Audubon area (W) 0.31 ha 0.00 ha 20.42 ha
Salt River Channel (W) 10.57 km 0.11 km 29.53 km
Tres Rios (W) 0.00 ha 0.00 ha 30.47 ha

For canals and the Salt River Channel which were measured as the distance of
the feature from the respondent, the average, minimum, and maximum distance
relative to all respondents is reported (km). The UEI classification for each variable
is denoted as aquatic (A), terrestrial (T), or wetland (W). The average total UEI (sum
of all averaged UEI) is also reported.
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Variables Mean Std. Dev. Min Max Valid N

Vegetative cover

NDVI 0.00 0.05 —-0.10 0.25 495
Percent xeric 0.77 0.13 0.6 1 495
Cognitive factors
Neighborhood identity™ 3.66 1.09 1 5 493
Pro-ecological orientationst  3.70 0.70 1.5 5 495
Social cohesion™ 3.07 0.70 1 5 494
Demographics and housing
Age 51.37 17.88 18 96 486
Age of house 30.23 20.88 1 89 432
Education 4.58 1.21 1 6 483
Gender 1.60 0.49 1 2 486
Income 5.31 3.19 1 1 456
LatinX 1.22 0.41 1 2 475
Years current address 12.27 11.54 0 64 442
Years in valley 26.78 18.39 0 90 479

See Table 4 for UEl variables. TThese are composite variables. Please see
Supplementary Table 1 for more detalils.
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Environmental variable Bio-cultural Bio-cultural
services (R2 0.07) disservices (R2 0.08)
Vegetative cover
NDVI average 0.20* -0.12*
Xeric yard percent 0.09* -0.12**
UEI
Aquatic = —
Terrestrial -0.22=* 0.14*
Wetland - 0.18"*

Model fits (R2) for dependent variables are presented next to each dependent
variable. Standardized beta values for each model are shown below with signif-
icance indicated by *,” “*,” and “*” representing p < 0.05, p < 0.01, and
p < 0.001. Beta values for non-significant variables not included.
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Environmental variable Bio-cultural Bio-cultural
services (R2 0.20) disservices (R2 0.25)

Vegetative cover

NDVI average 0.24** —0.16™
Xeric yard percent - -
UEI
Canals - -
Tempe town lake = =
Water - —0.13*
Cropland —0.24*** 0.16"*
Community park — -
Community park with water — —0.15™
Desert park 0.16** —0.19*
Vacant land (bare soil) —0.14* 0.14**
Rio Salado Audubon = 0.10*
Salt River channel 0.22** —0.27*

Tres Rios - -

Standardized beta values for each model are reported with significance indicated
by ™7 " and " representing p < 0.05, p < 0.01, and p < 0.001. Beta values
for non-significant variables not included.
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Variables Bio-cultural Bio-cultural
services (R20.39)  disservices (R2 0.35)

Environmental factors

Vegetative cover
NDVI average 0.17* —-0.16*
Xeric yard percent - -

UEI
Canal - -
Tempe town lake —0.14* =
Water = =
Cropland —0.19* 0.09*
Community park - -
Community park with water = —0.15*
Desert park - —0.19*
Vacant land (bare soil) — —
Rio Salado Audubon - -
Salt River channel — —
Tres Rios - -

Social factors

Cognitive factors

Neighborhood identity 0.27** —0.14*
Pro-ecological orientations - -
Social cohesion 0.18* —0.13*

Demographics and housing
Age - -
Age of housing - 0.18*
Education - -
Gender - -
Income 0.18** -
LatinX - -
Years current address = =
Years residency in region - -

Model fits (R?) are presented next to each dependent variable. Standardized beta
values for each model are shown below with significance indicated by *,” ***,” and
“* representing near significance, p < 0.05, p < 0.01, and p < 0.001. Beta values
for non-significant variables not included.
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Social variable Bio-cultural Bio-cultural
services (R20.35)  disservices (R2 0.29)

Cognitive factors

Neighborhood identity 0.27* —0.147*
Pro-ecological orientations - —-0.11*
Social cohesion 0.20"** —0.14*
Demographics and housing
Age = —0.15*
Age of house - 0227
Education 0.14* -
Gender - -
Income (B2 ke —-0.16™
LatinX - -

Years current address = o
Years residency in region - -

Model fits (R?) for dependent variables are presented next to each dependent
variable. Standardized beta values for each model are shown below with signif-
icance indicated by *,” **,” and ™ representing p < 0.05, p < 0.01, and
p < 0.001. Beta values for non-significant variables not included.
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